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Introduction 


Since 1914 our Institute (Institute of Genetics, Skier- 
niewice, Poland) has been engaged in the study of variegated 
colouration in Petunia violacea Lindl. We did isolate а strain 
showing some features unknown in the mosaic types of other 
plants. A characteristic trait of this strain is the distinct positive 
correlation existing between the amount of pigment and flower 
size and chiefly in this fact our case differs from other cases of 
patching in the flowers. | 

However some correlation phenomena between patching and 
other characters have been observed in Lathyrus and Maize. It 
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has been shown by Emerson (2) that when aberrant seeds of 
maize occur in which recessive aleurone and endosperm characters 
are contributed by the female parent and the corresponding do- 
minant characters by the male parent, spots of the recessive 
aleuron colour are in the great majority of cases underlaid by 
the recessive type of endosperm if the genes for these aleurone 
and endosperm characters are genetically linked. The correspon- 
dence in the outline between the colourless aleurone and the under- 
lyimg waxy endosperm is srickingly exact. Punnett (5) reports 
that in Lathyrus odoratus in general habit of growth the pat- 
ched plant is intermediate between the red and the normal. The 
normal shoots bearing purple flowers are more luxuriant in their 
habit and exhibit a brighter green colour than the patched ones. 

The mosaic strain of Petunia has been obtained by the senior 
writer from the firm Vilmorin-Andrieux in Paris with some seeds 
of a normal, non-variegated garden variety. This strain has 
a large scale of variation regarding the colour distribution (from 
self-purple to mosaic) and the size and shape of flowers. 

There are several theories as to the nature of patching and 
as to the inheritance of this character. For all of them however 
a sufficient cytological foundation is required. As one might ex- 
pect and as the investigations carried out in this Institute seem 
to show the chromosomes play a decisive róle as to the eluci- 
dation of the problem. It is probable that we have to deal here 
with a kind of segregation the mechanism of which is not suf- 
ficiently known. 

Cytological investigations based on the material of our Insti- 
tute have been started also by M. Skaliñska some years ago 
(1927). The methods adopted in those previous researches have not 
been however sufficiently precise and therefore the senior writer 
decided to examine the problem anew by using stronger glasses. 
The cytological work has been entrusted to Miss A. Smólska 
and the results of those researches are given in the cytological 
part of this paper. 

The cytological laboratory of our institu having not been 
completed until recently, the great part of the cytological work 
has been conducted in Prof. Z. Wóycicki's laboratory at the 
University of Warsaw. We are greatly obliged to Prof. Z. Wóy- 
cieki for his kind assistance. 
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І. Genetics (by E. Malinowski) 


1. Variability in colour distribution and corolla sizes of the 
mosaic strain ot Pełunia violacea 


The strain in question shows a wide variation in colour dis- 
tribution, ranging from self-purple flowers (fig. 2, 1) on one 
hand to those in which the pigment is confined to the »еуе« 
round the throat (fig. 1, 1) on the other hand. Between those two 
extreme types there are many gradations regarding the colour 
distribution as well as the size and shape of flowers. The sizes 
of corolla diminish along with the decrease of purple pigment. 

We may group the various types composing this strain into 
11 classes, the flowers of which are represented in the fig. 1 


Fig. 1. The first seven classes of flowers of the mosaic strain of Petunia 
violacea. The first four classes are called in this paper small mosaic 
flowers. 


and 2. The larger flowers have on an average more pigment. The 
correlation table I concerns these two variables. The coefficient 
of correlation equals + 0:837. < 
The shapes of small white flowers are a little different from 
those of large purple ones. In the former case the corolla spreads 
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rapidly whilst in the latter it widens gradually. In addition, 


11. 


Fig. 2. The remaining four classes of flowers of the mosaic strain of Pe- 
tunia violacea. The class eleventh has large self-purple flowers. 


TABLE І. 


Correlation table for corolla diameter and amount of pigment. 
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we can see a protuberance on the lower side of the corolla tube 
in the case of small flowers. 

Very often we find two or more types of flowers on the 
same individual. These types may be extreme ones; they may 
belong for instance to the classes 1 and 11, or 2 and 10, or 3 
and Y and so on. No regularity in occurrence of different types 


Fig. 3. Four flowers of the mosaic strain of Petunia violacea showing sec- 
torial distribution of pigment (sectorial chimeras). 


in one individual could be found out, no prevalence of a com- 
bination over any other one was observed. Occasionally it has 
been remarked that three or more flower types were appearing 
in the same plant. Such individuals may be regarded as sectorial 
chimeras, the different kinds of flowers being distributed usually 
on different shoots. Sometimes one half of the plant bears self- 
purple flowers and the other half — mosaic ones, or there is 
a sector bearing flowers differing from those of Ше. remaining 
part of the plant. In all those individuals, occasionally, flowers 
appear which show a sectorial distribution of pigment. Such flo- 
wers have always in the white sector smaller petals than in the 
purple one. Some of them are shown in the fig. 3. 
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It has been already pointed out that a positive correlation 
exists between the quantity of purple pigment and the size of 
flowers. This does not exclude the possibility of the appearance 
of a certain percent of individuals with self-purple flowers of 
medium size. And on the other hand we could observe some 
plants with an intermediate flower size and a purple colour limi- 
ted round the throat. The diameter of purple flowers (of the 
11-th class) did not reach however 3cm. in our material and the 
diameter of small mosaic flowers (classes from 1-st to 4-th, see 
fig. 1) did not exceed З ст. The measurements of the corolla 
diameter have been made in the following lines: Nr. 28 of 1929 
(in the individuals with self-purple flowers) and Nr. 25, 26 and 
21 of 1929 (in the plants with small mosaie flowers). It follows 
from the fig. 4 that the flowers of the class 11-th are larger 


15 25 30 33 40 45 50 55 60 
mosaic | self - purple 


Fig. 4. Diagram showing variability in corolla diameter of two extreme 
flower types namely small mosaic flowers of classes 1—4 and large self- 
purple ones of class 11. 


than those of the classes 1, 2, 3 and 4-th and that such two 
categories of flowers do not overlap each other as far as the 
diameter of the corolla is concerned. 

The mosaic strain, we deal with, is self-incompatible. The se- 
lection experiments for detecting the genetical behaviour of va- 
rious types, making up a mosaic series, must start therefore from 
the intercrossing of two plants exhibiting the same phenotype. 

In our experiments the progeny raised from individuals with 
large purple flowers had, on an average, larger flowers and more 
pigment than the offspring obtained from small mosaic flowers. 
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We shall obtain an idea of the influence of selection by exami- 
ning the table П, representing the frequency of particular flower 
types in 26 lines. Each line is a progeny of two plants having 
had flowers of the same type. 


TABLE П. 
Showing the results of selection of extreme flower types of the mosaic 
strain. 
pie „AB Bzy BOA ет (CH lia KT 35 3 
і > 
пре 1|2|3|4|5|е|7|8|» |”|። | ВВ. "ES 
7/1931 | — | — 1 1 2 3 1 1 5 4 | 67 85 
28/1929 3 | — | 10 | 11 | 32 | : 4 9 2 | 31. | 7 | 317 | 426 
49/1929 3 6 2 8 | 10 8 T | — | 20 5 | 64 | 128 
47/1929 | — 1 2 2 6 3 4 3 5 9| 94 59 
48/1929 | — 2 1 1.1.41 2 4 | — ф 2 | 59 89 
44/1929 1 1 2 Obr ug s 4 | 13 1 5 1 19 69 
45/1929 4 5 | — 2 À 2 3 1 1 | — | 24 46 
46/1929 1 1 2 3 | 16 | 18 | 11 | — 9 2 | 36 99 
36/1929 | — | — | — | — 1| — | — | — 1 | — 6 8 
37/1929 | — | — | — | — 83 | 2 2 1 | — 3 5 16 
38/1929 | — | — 1 | — 8 | — 4 | — 2 | — | 33 48 
5/1931 | — | — | | - | — 1|— | — 1 1 13 16 
41/1929 1 2 6 7 3 9 4 2 3 2 | 71 | 110 
39/1929 | 19 | 14 | 15 | 39 | 57 | 43 | 49 | 30 | 47 | 45 | 197 | 555 
43/1929 4 1 Т OPEC T PEL M 8 | 10 | 96 | 181 
42/1929 2 2 2 2 2 3 2 3 1 3 | 38 60 
6/1980 | — | — | — | — | — | — | | — | — | — 18 18 
7/1930 | | | — | — | — | — | — | — | — | — 11 11 
6/1931 | — | | — | — | | — | | ” | — | — 6 6 
3/1930 | 24 | 56 | 42 | 32 | 67 | 36 | 21 | 14 | 47 5 | 48 | 396 
4/1930 4 | 10 8 6 | 10 6 2 | — 2 2 4 54 
5/1930 1 9 1|፦ 1 1 | — 2 1 | — 1 17 
27/1929 | 10 7 | 22 6 9 | — 3 | — 8 | — 5 71 
32/1929 4 | — T| = 4|— |— | — 4 | — 4 | 23 
25/1929 | 38 ¡ 35 | 56 9 | 14 2 4 | — 9 | — 6 HEA 
SORT a ты Eur ПРИЙ GA AR 9.1.1 11፡0. | PRA edd oa а ШАШЫ 64 


In the majority of those lines the individuals of the type 
eleventh, with large self-purple flowers, are prevailing. Such lines 
arose from plants with large self-purple flowers. In five lines 
only we may observe the numerical prevalence of individuals 
with small mosaic flowers of the first, second and third class. 
Such lines have arisen from plants with small mosaic flowers: 
The line 3/30 is an intermediate one in which the largest num- 
ber of plants is found in the fifth class of our classification. 
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This line is a progeny of the second and fifth types crossed with 
one another. The lines 6/30 and 7/30 are composed of few plants 
all of which possess large purple flowers of the eleventh class. 
Some of those individuals however give branches bearing flo- 
wers of the tenth and ninth classes. Sometimes solitary flo- 
wers belonging to such classes appear among the self-purple 
flowers. Those two lines were got from plants with large self- 
purple flowers. 

The generalisation of Chittenden (Bibiographia Genetica ПТ) 
that a mosaic may be said to give a majority of plants like it- 
self, or in neighbouring classes of mosaic, with relatively fewer 
in classes remote from parental type, holds good in our case. 


2) Crosses between the mosaic strain and a normal variety of 
P. grandiflora Hort. 


This cross has been made in order to learn if mosaic may be 
associated with morphological types of flowers other than those 
of P. violacea and with other colours than the purple one. For 
this purpose the mosaic strain of P. violacea has been crossed 
to P. grandiflora Hort. var. Admiration. This variety posseses 
giant flowers of a dark violet colour and white stripes. 

The Е, generation of this cross has been an intermediate one 
as to the sizes and shapes of the corolla. Anyhow all the flowers 
have been self-purple. No one trace of mosaic has been observed 
in the numerous F,-plants. In F, a segregation took place but 
the plants showing mosaic distribution of pigment have been 
very scarce. Among the 244 plants of Р, were 7 individuals only 
with mosaic flowers. The scale of variation of the corolla dia- 
meter in F, is shown in the Table III. The frequency polygon 
is bimodal. One mode (between 56 and 60 mm.) is corresponding 
to F, and the second one (between 71 and 75mm) — to the 
parental variety with giant self-violet flowers. The corolla size 
of the mosaic strain of P. violacea was represented in F, by only 
few individuals and the mode which would correspond to this 
strain was lacking. For the sake of comparison the figures are 
given concerning the diameter of the corolla of the parental 
variegated strain, grown in 1927 side by side with the F, gene- 
ration. The mode of this strain lies between 36 and 30 mm. 
(Table ІП, p. 196). 
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Mosaic has appeared in F, on plants with relatively small 
flowers (P. violacea type) as well as on those with giant ones 
(P. grandiflora type). The latter combination is a new one. It 
comprises the giant flower size and the dark colour of the pa- 
rental P. grandiflora and in addition one of the characters of 
P. violacea namely that of mosaic. A description of the 7 plants 
in question is given below. 

1) A plant with two types of flowers namely: a) self-violet 
ones of about 60mm. in diameter and b) violet with patched 
margins beiug about 7 mm. smaller than the former ones. 

2) A plant with: a) large self-violet flowers of about 60 mm 
in diameter and b) smaller flowers of about 56mm in diameter 
with corolla margins patched with violet. 

8) A plant all flowers of which are variagated but having 
a difference in size as well as in the amount of pigment bet- 
ween the particular flowers. The larger flowers (of about 65 mm.) 
have more pigment whilst the smaller ones (of about 48 mm.) 
have the self-purple area limited round the throat and along 
the main veins, the remaining of the petals being patched with 
purple on a white background. 

4) A plant with two types of flowers namely: a) self-violet ones 
of about 65mm. in diameter and b) patched ones with a violet 
pigment on a white background (of about 45 mm. in diameter). 

5) A plant with: a) self-violet flowers (of about 65 mm. in 
diameter) and others with b) patched margins (of about 50 mm. 
in diameter). 

6) The scale of variation concerning mosaic is larger than m 
all other F, plants. There are the following types: a) large self- 
purple (of about 51 mm.), b) flowers with mosaic margins (of 
about 47 mm.), с) small flowers of about 40 mm. in diameter with 
a large mosaic area, 4) flowers mosaic for purple and violet. 
These last flowers represent a peculiar type of variegation which 
appeared only once in Ше F, generation. 

7) There are two types of flowers namely: a) large self- 
purple of about 55 mm. in diameter and b) smaller ones of about 
48 mm. with mosaic margins. 

In the above descriptions we pointed out only the extreme 
types of flowers in each separate plant. In every one of these 
seven plants there were intermediate forms of flowers. 
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TABLE ПІ. 


Variability in corolla sizes of Р. violacea and of Е, of the cross Р. violacea Х P. grandiflora. 


Diameter ог the. cor о Tai п mm: 


N 
20 | 25 | 80 | 85 | 40 | 45 | 50 | 58 | 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 
Per: siolaccà 192905 - T авт Му отт 20]8 9 67 
Ғ, from the cross P. violacea X P. grandiflora 1| Т |26 | 32 | 52 | 29 23 | 26 | 244 9 | 4 | 2 z 
TABLE IV. 
Variability in corolla sizes of P. violacea and of the new mosaic strain. 
D Газа ебек at Це сого Тай! и mm 
N 
18 | 28 28 | 38 | 43 | 45 58 58 | 63 | 68 | 73 | 78 | 
Pet. violacea 1998. . . .-. .| 41 34 43 37 26 64 53 5 303 
The new mosaic strain in 1928 9 10 18 91 | 435 58 37 3 209 
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Several mosaic plants of the 7, generation were intercrossed 
in order to get а F, generation and in such a way six Й, 


5. 


Fig. 5. Flowers of new mosaic strain of Petunia obtained in a cross with 

P. grandiflora. 1 flower of class 1 showing the smallest sizes and smallest 

amount of pigment; 3 flower of class 3 (intermediate class); 5 giant self- 
violet flower of class 5, 


lines have been obtained all being more or less heterogenous as 
to the flower type. Two of these lines proved more uniform as. 
to the morphological type of flowers and as to the colour. Тћеу 
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reproduced namely the type of ም. grandiflora but without white 
stripes. These two lines have been raised from seeds obtained 
after an intercrossing of the first and second of the above des- 
cribed plants. As there is no visible difference between these two 
lines they can be and will be treated in conjunction in this paper. 


Fig. 6. Flowers of new mosaic strain, showing sectorial distribution of 
pigment. ) 


They шау be looked upon as a new mosaic strain, differing from 
the mosaic P. violacea in the size of the flowers which are lar- 
ger here and in the colour of the flowers which are of a dark 
violet tint instead of being purple. But the successive degrees in 
the mosaic distribution of the pigment characteristic of the pa- 
rental strain occur here also quite distinctly. Fig. 5 shows three 
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flowers of this new variegated strain. The first is a large self- 
violet one, the second being of an intermediate size, shows varie- 
gation and the third is a small one with a violet pigment соп- 
fined round the throat. This last flower represents the extreme 
form of the scale of variation. Anyhow the above mentioned 
specimens have many intermediate forms between one another. 
We find in the Table IV (p. 196) the figures showing the varia- 
bility of the corolla diameter concerning both strains: the new 


TABLE У. 


The correlation table for corolla sizes and amount of pigment of the new 
mosaic strain. 


Flower classes 


цд с rok за 
80cm | | | | 3 
; (раны | AE 2 | 8 
z MSZĄ 
о 
dx | | ОВА 5 | 51 
5 |65, | | E 8 |፪1 
5 | 
Е 60 „| | 5 | 10 | 8 | 8 
та 
ajajaj 
3 ን 
Деак ина 
15, | 1 | 5 | 3 | | 


mosaic one and the parental one. These figures refer to the plants 
got in 1928 and which had been growing side. by side in our 
experimental garden. 

It is evident from what has been said that the patching has 
been transferred from a strain with a relatively small flowers and 
purple pigment to a strain with giant flowers and a violet pigment. 
In all we obtained in 1928 150 individuals making up together 
the new mosaic strain. Such was the number of plants of the 
two F, lines, referred to above. The sectorial chimeras appeared 
only in 10 individuals of the new mosaic strain. Fig. 6 shows 
some Е, flowers with a sectorial distribution of violet pigment. 
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Thus, all peculiarities of the parental strain concerning patching 
reappeared in the F, lines. 

We have grouped the various flowers of the new variega- 
ted strain into five classes only. The first is the class with giant 
self-violet flowers (fig. 5, 5), the fifth possess the smallest amount 
of pigment and the smallest sizes of flowers (fig. 5, 1). The cor- 
relation existing between ‘the diameter of the corolla and the 
amount of pigment is shown in the Table V (p. 199). Coefficient 
of correlation equals + 0:515. 

Selection experiments, conducted with a view to isolate the ex- 
treme types of flowers, have had results being analogous to those 
obtained in the mosaic strain of Petunia violacea. 

The material for cytological purposes has been taken from 
plants grown in our Institute in 1929. In the following pages the 
term »self-purple flowers« refers to the class 11 of our classifica- 
tion and the term »small mosaic flowers« to the class 1. 


II Cytology (by A. Smólska). 

The puzzling phenomenon of anthocyanin variegation in Pe- 
tunia has been recently subjected to caryological investigations 
by М. Skalińska (7) and E. Malinowski (4. Skalińska 
assumes that the unequal division of chromatic substance in meio- 
sis is responsible for the mosaic segregation in Peźunia; this une- 
qual chromatic division is supposed to occur also in somatic mi- 
tosess Malinowski is inclined to believe that in the small 
mosaic flowers the chromosomes are, on an average, shorter that 
in the large self-purple ones. 


1) Methods 


Kagawa (3) method applied in this work permitted to iden- 
tity the particular chromosomes in the two extreme forms of flo- 
wers of the mosaic strain in question. I used this method for 
the measuring of the somatic chromosomes. 

The chromosome length in meiosis has been determined in an- 
other way. The method adopted in such a case consisted in pro- 
jecting the chromosomes on the opaque screen of a large photomicro- 
graphic Zeiss apparatus and in measuring them on the screen. 

The fixing reagents used in the actual work have been the 
following ones: Benda's reagent without acetic acid, Flemming's 
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fluid (stronger solution) with a very small quantity of acetic acid 
(less than in Flemming's formula) and Mottier's fluid with a very 
small quantity of acetic acid. Тһе chromosomes have been stained 
with Heidenhain’s Iron-Haematoxylin. 

As to the somatic cells Benda's fluid, without acetic acid, pro- 
ved to be the best fixing reagent because it did not lead to any 
swelling in the chromosomes, which showed always the same 
thickness however cell layer having been examined. The use of 
Fleming's solution on the contrary has brought as a result a swel- 
ling of the chromosomes being placed in the superficial cell layers. 
But such a swelling had no apparent influence on the chromo- 
some length. 


2) The somatic chromosomes 


In comparing several drawings of the equatorial plates some 
differences in general appearence have been noticed. A more de- 
tailed examination of equatorial plates in various cell layers of 
the flower buds, in various buds and in material fixed in various 
reagents, has shown that those differences have been due to de- 
formations especially a swelling of the chromosomes produced by 
different reagents or by the same reagent which when penetra- 
ting particular cells, could modify the degree of solution. Only 
those plates which have been obtained from material fixed in 
Benda's fluid without acetic acid did not show any swelling, 
whatever bud, tissue or flower level is examined. 

The equatorial plates of two extreme flower types did not 
show on a superficial examination any visible differences in ge- 
neral appearence. For this reason the measurements of the soma- 
tie chromosomes have been performed with the most exact me- 
thod so far employed, namely the method of F. Kagawa(3). 

Kagawa's method leads to an exact measuring of the length 
of a curved chromosome which is not lying in one plane. With 
this method the measurements of 25 chromosome complements 
have been performed. 

At first each complement has been drawn with the help of 
a camera lucida (obj. Zeiss Apochr. 1:20, арег. 13 and eyepiece 
Zeiss Komp. 30). These drawings have been magnified 2:5-fold 
with a photographic apparatus. After it the chromosomes have been 
brought to one plane. The measurements of the chromosome dra- 
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wings have been performed with compasses; the distance between 
the points of its two branches has been changing from comple- 
ment to complement but it has been always corresponding to 1/4 и. 
For the complements shown in the Fig. 7 (13, 14, 16) for instance 
the distance of 0:80 cm corresponded to 1/4 и, for the Fig. 7 (15), 
Fig. 8 (19, 21, 22) this distance has been 0:31cm, for the Fig. 8 
(25, 26) 082 cm and for the Fig. 7 (10), Fig. 8 (20) etc. it amounted 
to 0:33cm. These slight differences are due to the fact that both the 
camera lucida and the drawing table, did not always assume strictly 
the same position and the scale of magnification of our drawings 
changed from case to case. In each case 16 has been verified and 
a section exactly corresponding to 1/4 ይ has been computed. 

The flower buds for fixing have been taken either from plants 
exhibiting exclusively large self-purple flowers or from those only 
bearing small mosaic flowers. 

The fundamental number of chromosomes is 14 for both ex- 
treme types of flowers, viz., large self-purple and small mosaic. 
Occasionally however other numbers occurred namely: 16 and 18 
chromosomes on the one hand and 12 and 10 on the other. 
The occurrence of these numbers is irregular and rather rare; 
one could conclude that the complexes of such cells do not occur 
and that this phenomenon therefore has nothing to deal with the 
mosaic segregation. 

A characteristic feature of the somatic chromosomes is a bi- 
furcation of their ends. But this phenomenon is not bound to 
particular chromosome sizes. Some of the chromosome comple- 
ments under discussion are shown in the Fig. 7 and 8 in the text. 

In addition to the bifurcation of their ends another characteri- 
stic feature of these chromosomes is their regular outlines and 
relative elongation. Tickened ends of some chromosomes shown in 
Fig. 8 (19) (sizes 2-9, 25) and in Fig. 8 (20) (sizes 2:9, 2-7, 2°5) are signs 
of a commenced bifurcation. We do not see, however, this bifurca- 
tion because of an insufficient decolouration of the slides. The shapes 
as we can judge through the Fig Тапд 8 in the text, are diverse. 
For instance the chromosome 81 (Fig. 7, — 10, 14, 15 etc.) in the 
above mentioned Fig. 7 assumes various shapes. Such shapes are 
not characteristic of a definite chromosome size. 

It has been pointed out that 25 chromosome complements 
have been measured, 10 belonging to the large self-purple flowers 
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and 15 to the small mosaic ones. Figures representing microns and 
concerning the length of chromosomes of those 25 complements 
are shown in Tables VI and VII (p. 206). The chromosomes which 
sizes are shown in these Tables have been set in pairs not only 
according to their length their shapes and the bifurcation of their 
ends have also been taken into consideration. The shapes of chro- 
mosomes of 16 complements are shown in Fig. ፲ and 8 in the 
text. Eight complements (Fig. 7, — 9—16) belong to the self- 
purple flowers and eight (Fig. 8, — 19—26) to the small mosaic 
type. As we may see in the fig. 7 (15) there have been put 
together in the seventh complement the chromosomes 3:7 and 3:4 
in the first pair and the chromosomes 3:6 and 3:3 in the second 
one chiefly according to their shapes (the chromosomes of the 
first pair are bifurcated and those of the second show no traces 
of division). According to the absolute length we would had been 
led to set 3:7 with 3:6 to form the first pair and 34 with 3:3 
to form the second опе. For the same reason the chromosomes 3-7 
and 80 (Fig. 8 in the text, fig. 24) have been put in one pair 
and the chromosomes 3:6 and 3:0 in the other. Relying upon their 
length, the combinations would have been 3:7 and 3-6 for the 
first pair and 3:0 and 3:0 for the second. In each column .from 
I to VII, Tables VI and VII) we see pairs of figures which refer 
to pairs of chromosomes. The difference between the length of 
chromosomes in one pair are very small and for the most part 
they do not exceed 01 и—0:2 и. Some dimensions are always 
lacking in each complement but often the same chromosome length 
is repeated three or even fourfold in the same. 

The largest figure in column I Tabl. VI (self-purple flowers) 
is 3:8 and the smallest 3:0. The figures of column I refer to the 
largest pair of chromosomes which we may call pair I. In the 
10 pairs of this column the figure 35 in repeated 7 times, what 
makes 350/, and other figures only reach 59, 109 and 20°. 
The figure 3:5 is the mode of our scale of variation and there- 
fore one may assume that this figure represents the length of 
the first pair of chramosomes. The modal values for the chromo- 
some pairs of the self-purple flowers will be 85, 3:3, 3:0, 28, 
26, 25 and 2:3 respectively. For small mosaic flowers we obtain 
the following modes: 8:4, 8:2, 3:1, 29, 27, 24 and 22. This 
may be seen in Tables VIII and IX, in which the chromosomes 
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Fig. 8. Somatic chromosomes of the small mosaic flowers drawn with Ka- 
gawa's method. 


Fig 25 al 


Tig.26 


14* 


E. Malinowski and A. Smólska: 


206 


TABLE VI 


Chromosome sizes of 10 complements of self-purple flowers. 


The figures 


represent microns. Horizontal lines separate complements from different Luds. 


2:5—24 


23—23 
2:7--2:6 


24-23 


24-99 
23—21 
26—26. 


Columns corresponding to chromosome pairs 


25-25 
2 8—2:8 


28—27 
2:9--2:9 


30-96 
30—29 


8:8 — 8:0 
30-50 


2:8—2:6 


25—2:4 
2523 


3:3—3:2 
33-33 
36-82 
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3:8-34 
36-23 
27-94 


TABLE ҮП. 
Chromosome sizes of 15 complements of small mosaic flowers. The figures 


represent microns. Horizontal lines separate complements from different buds. 
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have been classified according to their size, the class interval 
being 0:1. 

The difference between the chromosome complements of two 
extreme flower forms, which strikes us at first sight is that the 
scale of variability in self-purple flowers ranges from 35 to 2:3 
and in the small mosaic ones from 3:4 to 22. 

Let us group the supposed chromosome sizes (modes) into 
two series, one of which will include odd numbers (85 —-8:8 
—81 —2:0 —27 -25 —2:3) and the other even numbers (3:4 
—82 ---80 —2:8 - 26 --ች4 —2:2) The difference between the 
actual numbers found in two extreme types of flowers and the 
above two series, lies in an interchange of the three middle classes. 
The actual series are as follows: 

1) 3:5, 3:3, 3-0, 2-8, 26, 25, 23 for self-purple flowers 

2) 3:4, 3:2, 81, 29, 27, 2:4, 22 for small mosaic flowers. 

Having set in pairs the chromosomes exclusively according 
to their length, the results obtained would differ from those pre- 
sented in Tables VIII and IX. The.modal value for chromosome 
length will undergo some alteration and in some cases two mo- 
des wil appear: it is shown in Tables X and XI. For instance 
in column III of the Table X (for self-purple flowers) besides 
30 appears 31 and in column II of the Table XI for mosaic 
flowers, besides 3:2 appears 3:0. In spite of these facts the lowest 
and the highest modal values remain unaltered for both flower 
types. 

The figures obtained may be tabulated still in other way. We 
may take into consideration only the frequency of occurrence of 
a given figure and bring no attention to the chromosome pair 
which it represents. In such a case we shall get the results (the 
last row of the Tables X and ХІ). 

In the Table X are given all figures found in 140 chromo- 
somes of the self-purple flowers and in the Table XI those for 
140 chromosomes of the mosaic flowers. The figures 89, 3:3, 
8:1, 3:0, 2-8, 26, 2:3 are characteristic of the self-purple flower 
type and the figures 3:4, 3:2, 29, 27, 25, 2:4, 2:2 for the mosaic 
one. There is not a very large difference between the first tabu- 
lation and the third one; only the figures 81 and 25 have been 
exchanged. But the scale of «variability remains unaltered in all 
three cases. 
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TABLE УШ. 


Frequency of occurence of particular chromosome sizes in 10 complements of self-purple flowers. 


Ог oim о-в 0 me sizes in microns 


Chromo- 


і „Ai በር ረ |... Мо 

some 

méme | 37 | 36 | 35 | 84 | 38 | 32 | за | зо | 29 | 28 | 27 | 2:6 | 25 | 24 | 23 | 22 | 21 
і, 1 4 3 7 2 2 — -- 1 35 
ТЕ 1 = | س‎ 7 3 3 8 1 — 2 28 
ПІ 2 | — | 5 6 4 1 2 | 3'0 
IV 2 4 2 7 2 2 1 2:8 
V 1 1 4 3 2 f: 1 1 2:6 
VI 3 1 3 6 3 1 95 
ҮП | 1 3 1 4 8 1 271 98 
TABLE ІХ. 
Frequency of occurence of particular chromosome sizes іп 10 complements of small mosaic flowers. 
Choo. : Chromosome sizes in microns ጃ 
some pairs Ke 
41 | го | 89 ЕЗ 37 Ей 85 | 34 | 38 ЕЙ 31 EJ 29 28 | 27 |26 | 25 |24| 23 |22] 21 

I 1 |- | 1 |- | 1 1 2 6 1 1|፦ |8 2 1 34 
П 11—12 1 5 3 3 1 2 2 3:2 
III 1 1 2 5 3 2 21—11 3 81 
IV B І ERT E Pop P 2-9 
ሃ 142 | рез Е 071 27 
ҮІ #2 4 6 8 2:4 
VII 1:01:28 | 4 ae Be [58-4- 9323 
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In addition to the above measurements I have made some 
new measurements of other 5 complements, these last complements 
being obtained from material fixed іп Benda's fluid without 
acetic acid 1). The results then obtained have been tabulated to- 
gether with the preceeding ones (Tab. XII) In comparing the 
Tables IX and XII we see that there are only slight differences 
in chromosome pairs ПІ and IV. In the last case namely the va- 
riability of chromosome length exhibits two modal values 3:1 
and 3:0 for the 3-d and 29 and 27 for the 4-th chromosome pair. 

ТЕ we would take into consideration only the frequency of 
occurrence of a given figure, the chromosome sizes of our 5 chro- 
mosome complements would give a frequency distribution shown 
in Table XIII. In this frequency table the chromosome size 84 
occurs nearly as frequently as the chromosome size 3:5, but the 
chromosome size 22 appears much more frequently than 2:3. It 
is self-evident that the results obtained on the measuring of 5 com- 
plements cannot be separately taken into consideration but it is 
worth mentioning that these results are the nearest to those 
arrived at for the chromosomes in diakinesis. 


3) The chromosomes in meiosis 


In order to verify the results obtained for the somatic chro- 
mosomes it was necessary to measure the. chromosomes in meio- 
sis. The most suitable stage proved to be that of a not very late 
diakinesis (Plates 16, 17, 18). At this stage, in Petunia, the chro- 
mosomes still remain elongated and are more convenient for 
measuring than at a late diakinesis at which they are becoming 
ovated and mostly superposed. It was howevor impossible to find 
out even a very limited number of complements in which all 
chromosomes could be measured with the Kagawa's method. They 
are lying obliquely or vertically, they overlap each other or are 
superposed and in such cases it is impossible to determine exactly 
the limits of particular chromosomes, It has been decided there- 
fore to reproduce the chromosome complements from relatively 
rare pairs lying entirely in the plane of the microscope and which 


1) The material treated with Benda's fluid shows the slightest deforma- 
tions, so one can assume that the measurements concerning this material 
are more exact. 
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ends have not been superposed. It is self-evident that in order 
to meet all pairs making up the set of chromosomes in question, 
it was necessary to examine very many pairs placed by mere 
chance in the plane of the microscope. Another difficulty met 
with, was that diakinesis proceeds irregularly so that in the upper 
part of the anther we can have an early stage and in the lower 
part a late one. It was necessary therefore to limit as far as 
possible the space in which the cells had to be examined. To be 
sure that the proper stage had been found out I have only exa- 
mined cells taken from the part where many cells with identical 
smallest chromosomes had occurred. Such chromosomes have 
been relatively easily recognisable. 

For self-purple flowers I have picked out a hundred of such 
pairs which have been drawn with the help of a camera 
lucida. All of them have been chosen from the same microspo- 
ragium. For the small mosaic flower type, 46 pairs only have 
been found in one microsporangium. The said pairs have been 
drawn and subsequently the drawings have been enlarged 25 
fold with the help of a photographic apparatus. Thereafter the 
magnified drawings have been measured with compasses, the 
distance between their branches being 3:7 mm. The figures ob- 
tained from the measurements of 100 chromosome pairs of the 
self-purple flower type have revealed a variation ranging from 
5:20 to 3:25. The relation between those figures is corresponding 
approximately to the relation 3:5 : 2:2 found in the somatic com- 
plements. The numbers have not been however precise enough 
to allow an identification of the chromosomes at diakinesis with 
those in somatic mitoses. This may be possibly attributed to the 
difficulty of delineating exactly the sizes of chromosomes with 
the help of a camera lucida. Our eye wavers slightly over the 
eyepiece when the pencil is following the outlines of the chro- 
mosome and often as far as our case is concerned the same end 
of a given chromosome could be traced at different points more 
or less distant from one another. Such distance however never 
exceeds 1 mm. Such fluctuations are rather slight but when one is de- 
aling with so small sizes as those of the chromosomes of Petu- 
nia they suffice to bring about a considerable error particularly 
after the enlarging of the drawings. 
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After many trials concerning the various ways the method 
which I adopted consisted in projecting the image of the chro- 
mosomes on an opaque screen of a large Zeiss microphotographic 
apparatus with a strong lamp and а 130:5 cm. long camera. The 
magnification attained in this way corresponds exactly to the 
photographs shown in Plates 16, 17 and 18. The chromosome 
length has been measured in the following way. After inverting 
the opaque screen of the apparatus its rough surface outside the 
outlines of the chromosomes have been drawn on it with a hard 
and very sharp. pencil. On the drawing thus obtained a line 
through the middle of the chromosome has been traced from one 
end to the other and this line has been measured with compasses, 
the distance between the points of its branches being one milli- 
meter. The opening of the compasses has been often verified on 
the same, 20 mm. long scale. One chromosome has been thus 
measured many times and the only figure chosen has been the 
one repeating itself at least in 50%, of cases. For instance, for 
the chromosome pair represented in Plate 16, Fig. 5 the follo- 
wing dimensions have been obtained: for the left chromosome 
12-0, 12-0, 12:0, 120, 120, 12-0, 120, 124, 120, 124, 120, 126 
and for the right one 84, 88, #0, 9-0, 8:4, 82, 8:8, 9-0, 84, 94, 
8'8, 8-8, 8:8, 88, 88, 84, 88, 88, 88. For the first chromosome 
the number 120 occurred іп 75%, of cases and for the second 
one the number 8:8 has been repeated in 52%, of cases. In this 
way for the chromosome pair in question the sizes 120 and 88 
have been kept. For the pair represented in Plate 16, Fig. 10 
the following numbers have been obtained: for the left chromo- 
some 10:8, 108, 10:4, 10:8, 101, 10:2, 10:8, 10:8, 10:8, 9:9, 104, 
105, 10:4, 10:8, 10:6, 10:8, 10:8, ог 108 in 52°/, of cases, for the right 
one 11:6, 10:8, 112, 112, 11:4, 108, 112, 11:8, 112, 11:6, 112, 
112, 112, 117, 112, 11:8, 112 or 112 in 52%, of cases. Thus 
the length of the chromosomes of this pair may be estimated 
for 108 and 11:2 respectively. With such a method 60 pairs of 
chromosomes for the self-purple flower type have been measured 
and 45 pairs for the small mosaic type. 

All pairs subjected to measurements have been subsequently 
photographed and all those photographs are shown in fig. 1— 
105 (Plates 16, 17 and 18). Each photograph represents correctly 
the relation between the length of chromosomes in one pair but 
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we cannot always compare the pairs between them because the 
reprints may be stronger in one case than in the other. On the 
photographic reprints therefore the measurements of the chromo- 
somes cannot be made. If in some of the figures of the Plates 
16, 17 and 18 the ends of the chromosomes are not very distinct 
this is also due to the fault of the photograph. For instance, the 
figures 13 and 130 (PL 20) represent the same chromosome pair 
but in the latter case, the photograph has been made particularly 
carefully and this may account for a better distinctness of chro- 
mosome outlines. 

As a rule, the chromosomes composing one pair are differing 
more or less im their length. The pairs exhibiting striking diffe 
rences (Fig. 5, 6, 7, 12 etc.) have been less numerous than the 
ones showing smaller differences (Fig. 9, 11, 18, 24 etc.). The 
most numerous pairs exhibit a slight difference in chromosome 
length (Fig. 4, 10, 15, 16, 25, 33 etc.) but this difference is ho- 
wever such that it may be perceived at the first sight, what has 
been always confirmed by the measurements. The pairs with equal 
chromosomes occasionally oceur and they concern only the lar- 
gest and the smallest chromosomes. The phenomenon of unequal 
chromosome sizes of one pair cannot be looked upon as a result 
of a separate contraction of the conjugating chromosomes because 
such unequal pairs oceur also in the metaphase and even in the 
anaphase where the contraction of chromosomes is already com- 
pleted. Fig. 126, Plate 20 shows two chromosomes at the meta- 
phase, exhibiting marked differences in their length. One cannot 
explain the differences in chromosomes of one pair in assuming 
an unequal division of chromatic substance belonging to two pre- 
viously joint chromosomes, what has been proposed by Skalińska 
(1927). The joining together of the chromosomes do not occur. 
The chromósomes emerge in the form of very long and slender 
threads of granular structure (Fig. 127, Plate 20) and from these 
first stages they remain mostly separated (Fig. 1—105), their ends 
only being sometimes connected. Often they do not touch each 
other and only seldom they cross in one point. We have to deal 
here with a conjugation of chromosomes being unequal from 
their very beginning. 

The numbers obtained with the above method and concerning 
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the length of particular pairs of chromosomes at diakinesis are 
shown in Tables XIV and XV. 


TABLE XIV. 


Sizes of 60 chromosome pairs in diakinesis of self-purple flowers. The 
successive slides in one row are indicated by capital letters and the succe- 


ssive cells in those slides — by small letters. 
#2 ЊЕ = ЕЗ = al ዊ a 
SEE Chromosome == 3 መጋ Chromosome б 
58 | length in mm 8-0 535 | lenght in mm sy 
B^ Św | AB ZS 
са ia E А = 
1 100-- 88 | Ba 31 12:1—12:8 Lf 
2 9:2— 88 Bb 32 8:4— 9:2 Na 
3 12:0—13:2 Be 33 10:0—10:4 Nb 
4 10:0—10:4 Bd 34 10:8—11:6 Nc 
5 120— 8:8 Cb 35 14:0--19:8 Оа 
6 108- 88 Се 36 128-124 Oc 
7 12:0— 9:2 Cg 37 8:8—10:4 Pa 
8 14:0— 12-0 Db 38 8:8— 96 Pb 
9 10:0— #8 Ea 39 12:0— 9:2 Pd 
10 10:8—11:2 Fa 40 10:0—10:4 Ре 
11 140—120 -Fb 41 10:0—10:4 Pf 
12 120— #8 Fe 42 10:8—11:2 Pg 
13 11:6--10:0 ка 43 100- 92 Qd 
14 14-0-—12:0 Ее 44 10:0— 10:4 Qe 
15 10:0— 9:2 Ff 45 10:8—12:0 Qf 
16 108=- 96 Ғһ 46 14:0--19:0 Ба 
17 108- 88 Gd 47 9:6— 8:8 Rb 
18 12:8—12:4 На 48 9:2120 Sa 
19 10:4—10:0 Hb 49 8:8— 9:6 Sb 
20 10:8— 8:8 He 50 140—11:6 Se 
21 14-0—15:2 Hf 51 13:2—12:0 Sd 
22 13:2—12:8 la 52 96-104 Sf 
23 10:8— 96 Ic 58 140—15:2 Ta 
24 116-104 If 54 92- 96 Tb 
25 9:6— 8:8 Те 55 140-198 Va 
26 11:6--10:0 Іһ 56 96- 88 Vb 
27 14:0--19:8 Ja 5፲ 9:6—10:8 Ve 
28 9:6—10:4 Je 58 12-0 — 11:6 Vd 
29 14:0—12:8 Ka 59 10:8—11:2 Wa 
30 14:0—14:0 Lb 60 88- 96 Ха 


The numbers which come into play іп these Tables ате tabu- 
lated in Tables ХҮІ and XVII. 

The chromosomes 140 and 8:8 only have been found doubled 
in some pairs. Namely the former one (140) has been doubled 
in the self-purple flower type (in the chromosome pair Fig. 30) 
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TABLE XV 
Sizes of 45 chromosome pairs in diakinesis of small mosaic flowers. The 
successive slides in one row are indicated by capital letters (except the 


slides 29th and 30th) and the successive cells in those slides — by small letters. 
ADA A lf wc cR ELA ር ыза ን ፡ ተ... 


CER 5: Я 5.5 
з 9.5 | Chromosome a =: 2$. Chromosome g S 
En Я | length in mm 8 Б Fo = | length in mm ве 
DR) — Фон 
E P AG 15 = ру 
AAA A ПЕН al РУМА 
61 15:0—11'6 Ра, | 84 12:0—140 Kb 
62 14:0 -13:2 Pb 85 12:4—14:0 Kd 
63 88- 96 Ба 86 120— 96 Ке 
64 88- 88 Sa - 87 156-194 Ма 
65 156-128 Ua 88 . 8'8— 88 Mb 
66 9:6— 10:4 Za 89 12:0—12:8 Ме 
67 84- 79 29th a 90 88- 96 Ха 
68 120- 116 30th a 91 88- 88 Nb 
69 100-104 Ва 92 8:8— 96 Nc 
70 8:8—10:0 Bb 93 120—11:6 Ne 
71 88- 96 Be 94 88--104 እያ 
12 96- 88 Da 95 88- 96 Oa 
18 96-- 88 Еа 96 18:6—12:8 Ob 
Т 10:4— 14-0 Fa 91 9:6—10:8 Od 
15 10:0— 8:8 Ga 98 88—10:0 Pa 
16 8:8— 8:8 Gb 99 88- 88 Qa 
77 12:0— 88 Ha 100 - 88- 8:8 Qb 
18 88- 96 Hb 101 8:8— 88 Rb 
19 88- 88 Не 102 10:0—10:4 Ta 
80 88- 88 Hd 2108 198—11'2 Va 
81 10:8— 96 Не 104 8:8— 96 Wa 
82 104-139 Hf 105 108-116 Ха 
88 88-- 8:8 Ка 
IA UR | IA а не Н 
TABLE XVI 


The figures characterizing chromosomes in meiosis of the selt-purple flowers. 
Chromosome sizes in mm. (15:2) — 140 — 140 — 13:2 — 128 — 194 — 
12-0 — 11:6 — 11-2 — 108 — 104 — 100 — 9:6 — 
92 — 8:8 — (84) 
Corresponding figures in и (8:8) — 85 — 85 — 3:3 — 8:9 — 31 — 30 — 2:9 — 
2-8 — 2-1 — 26 — 25 — 94 — 23 — 9-9 — (21) 
TABLE XVI 
The figures characterizing chromosomes in meiosis. of the small mosaic flowers. 
Chromosome sizes іп mm. (160) — 140 — 186 — 139 —- 128 — 194 — 
120 — 11:6 - 112 — 10:8 — 104 — 100 — 9:6 — 
88 — 88 — (84) — (7:9) 
Corresponding figures in м (40—835—84—88—982—81—80— 2:9 — 
28 — 27 — 26 — 25 — 84 — 22 — 22 — 
(21) — (1:8) - 


rcin.org.pl 
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and the latter (8:8) in the small mosaic type (in the chromosome 
pairs Fig. 64, 76 etc.). In comparing the successive numbers in 
each of the above two series, one is struck by the fact that the 
differences between them are equal to 0:4 mm with the exception 
of numbers 15:2, 160 and 7:2. In addition, those two series have 
12 numbers in common and they differ only in the extreme fi- 
gures. - 

The question arises whether the numbers in Tables XVI and 
XVII correspond to the sizes of somatic chromosomes. We cannot 
compare the figures directly and the only method which may be ap- 
plied is to find out the relations corresponding to the ratios 85:28, 
54:22 and so on. It has been found that the ratio 14:0: 92 cor- 
responds to that of 35:23 an the ratio 13-6:8:8 to that of 3-4:22. 
In this way all figures have been compared with the sizes ot 
the somatic chromosomes and the relations established are 
shown in Tables XVI and XVII. а 

The differences between the successive figures are equal to 
0:4 mm, what corresponds to the difference of 0:1 u in somatic 
chromosomes. In brackets are comprised such figures for which 
there are no corresponding modal values in the somatic comple- 
ments. Setting apart the figures in brackets and taking into 
considerativn only the remaining ones we shall find an important 
difference between the two extreme types of flowers. In the 
large self-purple flowers namely the chromosome 3:4 is lacking 
and in the small mosaic flowers the chromosome 28 is absent. 
The figure 152 has been met with twice only and the figure 84 
only once in 60 chromosome pairs examined in self-purple flo- 
wer type. Each of the figures 16:0, 84 and (2 has been found 
once in 44 pairs of the small mosaic flowers. These aberrant 
figures may be accounted for an error which, of course, is always 
possible but they may also be real ones (corresponding sizes 
have been met with in somatic chromosomes too) particularly 
when we take into consideration the presence of satellites which 
will be referred to, later on. 

In comparing the above figures with those obtained for the 
somatie complements we find a notable conformity between them 
especially when we compare the meiotic complements with the 
figures of the Tables X, ХІ and XIII. There is however 


a difference between those two results, namely in the somatic 
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complements the two extreme chromosome sizes (3'5, 23 and 
3:4, 22) are prevailing and in the meiotic complements only one 
of them 140 (3-5) and 88 (2:2). We must however take into 
consideration that the measurements of meiotic complements 
1) have been made on slides got from plants grown one year 
later and 2) have been obtained from one bud and not from 
several ones. 

Let us try now to draw a parallel between the morphological 
and the cytological phenomena. In the small mosaic flowers the 
chromosome 8:8 is doubled and the chromosome 9:2 is absent; 
this corresponds to the presence of small corolla and to the 
absence of large corolla. In the large self-purple flowers the 
chromosome 14:0 (35) is doubled and the chromosome 13:6 (3:4) 
is absent; this corresponds to the presence of purple colour dis- 
tributed all over the corolla surface and to the absence of mo- 
saicism. We may suppose that owing to the presence of the 
doubled chromosome 140 (3:5) in the complements of the self- 
purple flower type this type gives rise to a progeny with a high 
percent of self-purple flowers and that this percent increases in 
the subsequent generations. The presence of two different chro- 
mosomes 9:2 (23) and 8&8 (2:2) characterizing the corolla sizes 
as one may suppose will lead to a variability in the corolla 
sizes. In the progeny of small mosaic flowers the percent of 
plants with small corolla will increase from generation to ge- 
neration, owing to the presence of doubled chromosome 8:8 
(22), whilst owing to the presence of different chromosomes: 
140 (3:5) and 13:6 (3:4) as one may suppose we shall have to deal 
with a variability in the colouration of the corolla. 

In the large self-purple flowers the self-purple colouration 
(two chromosomes 140) is associated to the large corolla sizes 
(chromosome 9:2) and in the small mosaic flowers the mosaicism 
(the chromosome 13:6) accompanies the small corolla sizes (two 
chromosomes 88), If, as we have assumed, the gene of self- 
purple colour is located in the chromosome 140 (3:5) and that 
of white colour in the chromosome 13:6 (3:4) one may consider 
those two chromosomes as homologous ones. For the same rea- 
son the chromosomes 9:2 (28) and 8:8 (2:2) would be homologous. 

From the data presented in Tables XIV and XV it is seen that 
the same chromosome pairs occur several times but in spite of 
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this fact in the self-purple flower type 25 combinations of 14 
different chromosomes and in the small mosaic flowers 20 of 
the same combinations. have been ‘met with. This is shown in 
Tables XVIII and XIX. The largest chromosomes combine for the 
most part with large ones and the smallest ones conjugate with 
chromosomes which do not differ notably from them. The com- 
binations of the — chromosomes with- the- smallest- ones do 
not appear. 

If we assume that the chromosomes 14:0 (3 5) and 13:6 (3:4) 
are homologous ones and that the same holds good for the 
chromosomes 9:2 (28) and 8:8 (22) then, in-our case, the follow- 
ing pairs of homologous chromosomes would come into play: 


140 — 136 
jio E ақы 
Ea 134 — 180 .- 
116.::2: 112 
IR 104 
ЩО за 96 
go соц 


It is surprising that in the Table XVIII the combinations of 
such kind appear only twice (the pair 132—128 and 9-2— 8.8) 
and in the Table XIX they do not appear at all. The pheno- 
mena of conjugation of unequal chromosomes are produced firstly 
by the fact that almost all chromosomes of the complements exa- 
mined (Tables XVI and XVII) are differing from one another as 
far as their sizes are concerned and, secondly, by the non-conju- 
gation or by the occurence of isolated cases of conjugation of 
homologous. chromosomes. The differences in sizes of conjugating 
chromosomes are comprised in the limits of 0:1 u—0'8u for the 
large flower type and in the limits of 0-1 4—0:9 u for the small 
flower type (Table XX). This may be seen from the comparison 
of the Tables XVIII and XIX with the photographs fig. 1—105 
(Plates 16, 17, 18). 

The most frequent combinatións are those between the chro-. 
mosomes differing in 0:1, 0:2 и and 0-3 u (Table XX) 

The conjugation of chromosomes of equal size in exceptional 
and the bivalent formed- of two chromosomes differing more 
than in 078 ይ are rather rare. This indicates that there must be 
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The combi- 


: . The figures | Differences | The pairs shown in Plates 
nada ЗУ in u. in ይ I and II 
m mm ; 
140—140 | 35-35 0:0 fig. 30 
140-5128 | 35-39 0:3 » 27, 29, 35, 55 
140---190 | 35—30 05 » 8, 11, 14, 46 
140—11:6 | 85-99 0:6 ». i 
199—198 | 83-89 01 » 99 
132—190 | 89-80 0:3 » 8,51 
19:8—14:0 
12:8—18:2 
128—124 | 39-31 0:1 » 18, 81, 36 
194-198 | | | 
12-0—14:0 
12-0—13:2 
120-116 | 80-99 0:1 » 58 
120—108 | 80-97 03 » 45 
120— 92 | 30-93 07 » 7, 89, 48 
120— 88 | 20-99 0:8 » 5, 12 
11:6—14:0 
11:6--19:8 
11:6--108 | 29-27 0:2 » 84 
116-104 | 29—26 08 » 84 
116-100 | 99-95 0:4 » 13, 26 
112-108 | 28-27 | o » 10, 42, 59 
108-120 | 
10:8--11:6 
108-119 
108- 96 | 97-94 0:3 » 16, 28, 57 
108- 88 | 27—2:2 05 » 6, 17, 20 
104—100 | 26-25 01 » 4, 19, 33, 40, 41, 44 
104— 96 | 26-24 0:9 » 28, 52 
104- 88 | 96-99 0-4 » 37 T 
10:0—11:6 Е 
100--104 
100- 99 | 95-93 0:2 » 15, 48 
100- 88 | 25-22 0:3 r LĄ 
96-108 
96-104 
96-99 | 24-23 01 > 54 ; 
96— 88 | 94-99 09 » 95,38, 47, 49, 56, 60 
99-- 88.|. 23-592 0:1 » 2 
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TABLE XVIII. 


The frequency of occurence of combinations of particular chromosome sizes 


in self-purple flowers. 
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TABLE XIX. 


The frequency of occurrence of combinations of particular chromosome sizes 
in small mosaic flowers. 


БЕ 8 а 
2, E. de 
Ф 
55 E 20 > ጀ = The pairs shown in Plates II and III. 
Е a yA gr 
SÉ - = 
140—132 | 35-83 ዑ2 fig. 68 
140---124 | ፳5---ፁው1 04 » 85 
14-0—12:0 | 85-58% 05 » 84 
140—10'4 | 85-96 0:9 » 74 
156-128 | 84-39 09 » 65, 96 
_13-6—124 | 34-31 0: » 87 
13:2—140 
13:2—10'4 | 3:3—2-6 0:7 » 82 
12:8--13:6 
128--120 | 32—8:0 0:2 » 89 
12:4—14:0 
124-136 
12:0—140 
120:-12:8 


120—11:6 | 30-29 | 01 
120— 96 | 30-24 | 06 |» 86 
120— 88 | 30—22 | 08 
11:6—12:0 

116-108 | 29-97 | 09 
112—108 | 28—27 | 01 
108-116 
108-119 
10:8— 96 
104-140 
104-189 
10:4—10:0 
104— 96 
104— 88 
10:0—10:4 
10:0— 8:8 


9-6—10:8 | 


» 70, (5, 98 


96-104 


96- 88 » 63, 71, 72, 73, 78, 90, 92, 95, 104 


99-99 | 00 | » 64, 76, 79, 80, 83, 88, 91, 99, 100, 101 


15% 
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TABLE XX. 


The frequency of occurrence of particular differences between the chromo- 
somes of one pair. 


The differences in и between the conjugating 


chromosomes 
Flower type 
0:0 | 01 | 02 | 0:3 | 04 | 05 | 06 | 0:7 | 0:8 | 0:9 
large self-purple | 1 Т 4 6 2 2 Е 1 | - 
small mosaic . 1 3 6 3 9 1 1 1 1 | 1 


difficulties in the conjugation of chromosomes of such sizes. This 
conclusion is confirmed by the behaviour of chromosomes in ana- 
phase. | | 
Some abnormal processes occur namely in a certain percent 
of cases in the anaphase (Plates 19, 20) and they concern the 
following phenomena: 1) a precoce disjunction of the chromo- 
somes of one pair (fig. 111, 112) and 2) a non-disjunction of 
chromosomes and their passing as bivalents to one pole (fig. 113, 
114, 115, 116). Both phenomena may occur simultaneously in 
one cell (fig. 117). The most frequent are, besides normal cases 
(fig. 106, 107, 108, 109, 110), such images in which slight ab- 
normalities occur (fig. 118, 119, 120). In fig. 121, 122, 123, 124 
we see notable abnormalities so that the chromosomes are be- 
coming scattered along the spindle. The figures with solitary 
chromosomes at the poles occur in about 16°/,, those with pairs 
of chromosomes at the pole in about 5%/, and finally the figures 
with the chromosomes scattered along the spindle appear in about 
309, of cases. | 
The important point is that all non-disjoint- pairs have been 
composed (as one can judge from observations only because the 
measurements have not been made) of equal or nearly equal 
chromosomes (fig. 113, 114, 115, 116, 117). The non-disjoint pairs 
are corresponding probably to the pairs of equal or nearly equal 
chromosomes in diakinesis, because the frequency of their occu- 
rence in diakinesis and in anaphase is nearly the same. All soli- 
tary chromosomes found at the poles in the anaphase are either 
very large (fig. 111) or very small (fig. 112), what indicates that 
the precoce disjunction occurs in pairs composed of chromosomes 
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exhibiting notable differences (there are however exceptions in 
which the chromosomes showing notable differences do not dis- 
join, what may be seen in fig. 126). The frequency of occurence 
of this phenomena corresponds more or less to the frequency of 
occurence of pairs with notable differences in diakinesis. The 
dispersion of chromosomes along the spindle is probably due to. 
the simultaneous presence of pairs showing small differences in 
chromosome length and also those showing large differences. 
Thus the anaphase shows that the conjugation of identical chro- 
mosomes as well as those exhibiting notable differences are ab- 
normal processes leading to disturbances in meiosis. 

A very characteristic trait of the chromosomes in diakinesis 
is the occurrence at this stage of peculiar satellites. The satelli- 
tes are smaller or larger portions of chromatic substance linked 
with chromosomes at various points (Plates 16—18, fig. 8, 4, 16, 
26, 30, 39, 65, 68, 74, 80, 81, 87, 91, 92, 94, 102, 104). They are 
very common in diakinesis in both large self-purple and small 
mosaic flower types. At the early stages of diakinesis they have 
not been observed, whilst in the middle stages (see Plates 16, 
17 and 18) they are very common. In the late diakinesis they 
are already separated from the chromosomes. 

The satellites are composed of one or more granules of chro- 
matin, the dimensions of which seem to be equal or nearly 80. 
Small satellites composed of one granule are seen in fig. 129 
(between the ends of a chromosome), fig. 128 (two satellites side 
by side); fig. 9, 23, 63, 65 (simple satellite on a complex one); 
fig. 16. 

The chromosomes themselves as one can judge from the 
photographs, Plates 16, 17, 18, 20, seem also to be composed of 
granules. This granular structure may be seen in fig. 130. In 
the lower end of the left chromosome shown in this figure we 
see 2 granules and, immediately above, two other ones under 
which as the preparation shows, the next pair of granules is 
lying. The granular structure is seen also in fig. 127 (chromo- 
somes at an early diakinesis) and in fig. 125 (three granules 
in the bifurcated upper end of a somatic chromosome). The gra- 
nular structure makes the outlines of the chromosomes irregular 
in many cases. The sizes of simple satellites correspond to the 
sizes of granules of chromosomes. 
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The presence of satellites is not bound up with definite chro- 
mosome sizes, and their position and structure seem to show that 
we have to deal with а phenomenen of expulsion of chromatic 
substance which is superfluous or not harmonizing with the re- 
mainder of the chromosome. 

Al phenomena described above like: unequal chromosomes in 
diakinesis, dispersion of chromosomes along the spindle in the 
anaphase, non-disjunction of chromosomes and their passing as 
bivalents to one pole of the dividing cell, oceurrence of satellites 
and so on may also be seen іп Pet. nyctaginiflora; which do not 
show any traces of mosaie autocyanin-distribution in its flowers. 


The above described cytological በከ ክክ may be sum- 
marized as follows: 

1) The chromosome sizes for two extreme flower types of 
the mosaic strain of Petunia violacea are as follows: 85 и, 8 и, 
886, 3:2 и, 31 и, 80 29и, 28 и, 27 и, 264, 25u, 24н, 25 и, 
ታ2 и for the self-purple flower type and 3:5 и, 3:4 и, 3:3 и, ቅ2 и, 
31 и, 30u, 29u, 28 и, 27 и, 2:6 и, 25, 2-4 и, 2:2 и, 2:2 u for the 
mosaic flower type. In the former one the chromosome 35 is 
doubled and this condition might be considered as being res- 
ponsible for the self-purple colour (the chromosome 3:4 deter- 
minig the white colour is lacking). In the latter type the chro- 
mosome 2:2 is doubled and this may be accounted for the pre- 
sence of small corolla (the chromosome 2:3 responsible for large 
corolla is absent). 

2) The conjugating chromosomes in diakinesis: are, as a rule, 
unequal. As one can judge from the annexed photographs the 
chromosomes in diakinesis do not touch each other in the great 
majority of cases. 

3) The most frequent chromosome gos binis dan in diakinesis 
are such that the differences between chromosome sizes of parti- 
cular bivalents are equal to 0'1 u, 0:2 и and 0:8 u. The conjugation 
of chromosomes of equal size is exceptional and the bivalents 
formed of two chromosomes differing more than in 0-3 ዘ аге less 
common. This indicates that there must be difficulties in the 
conjugation of chromosomes of such sizes. 

4) The images observed in anaphase are corresponding to 
those in diakinesis. Some abnormal processes occur in the ana- 
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phase in certain percent of cases and they concern the following 
phenomena: 1) a precoce disjunction of chromosomes of опе pair 
and 2) a non-disjunction of chromosomes and their. ‘passing as 
bivalents to one pole. 

5) The conjugation of unequal ው in diakinesis as 
well as the sizes of chromosomes of two extreme flower types 
seem to indicate that the mosaic strain of Petwnia is of a hybrid 
nature, 

6) A very characteristic trait of chromosomes in i 
is .the occurrence at this stage of peculiar satellites. 

The satellites are smaller or larger portions of chromatic sub- 
stance linked: with chromosomes at various points. The position 
and the structure of satellites: seem to show that we have to 
deal here with an expulsion of chromatic substance. 


ІШ. Discussion (by E. Malinowski) 


The results of cytological investigations as well as the selec- 
tion experiments concerning the extreme flower types of the . 
mosaic strain of Petunia violacea seem to show that the strain 
in question is a heterozygous one and that we have to deal here 
with a kind of ር which may be called »mosaic segre- 
gation «. 

Had we disregarded the correlation between the corolla sizes 
and the amount of pigment we could assume, as it has been 
made previously, that: 


the chromosome 35 и is responsible for large flowers 


« « 2-3 и « « « self-purple colour 
« E o NP * « « small flowers 
« « 2:2u « « « mosaicism. 


But if we take into consideration the fact of an association 
existing between small corollas and mosaic distribution of pig- 
ment we shall be compelled to alter more or less the above 
hypothesis. 

The case seems to be a complex one and a simple scheme 
would hardly correspond to all the facts observed in our experi- 
ments, but the following interpretation appears to be conform to 
the essential phenomena. 
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"The following characters are located in the chromosome 23: 
uniform distribution of pigment, corolla sizes of about 30 mm. 
in diameter and corolla shapes characteristic of large self-purple 
flowers. In the chromosome 3:5 is located. the gene increasing 
the corolla diameter of about 20 mm. (viz. in such case the flo- 
wers would have about 50mm. in diameter). As concerns the 
purple pigment it is located in some other chromosome oma of 
55 and 23. 

In the chromosome 22 the following characters аге быа: 
mosaic distribution of pigment characteristic of the class 1 (fig. 1) 
of our classification, flowers of about 10mm. in diameter with 
corolla shapes characteristie of small mosaic flowers. In the chro- 
mosome 3:4 the gene increasing the corolla sizes is absent. The 
purple pigment (as well as in the large self-purple flowers) is 
located in a chromosome not being 8:4 or 2:2. This character is 
common to both extreme flower types and it 18 independent of 
any of the four chromosomes which, according to our suppo- 
sition, characterize these extreme types of flowers. 

As concerns the intermediate types of flowers they may be 
caused by recombinations of the chromosomes in question. So, for 
instance, the self-purple flowers of 30mm. in diameter may be 
due to the simultaneous presence in a homozygous condition of 
the chromosomes 2:3 and 34. On the other hand the mosaic 
flowers of 30mm. in diameter may be caused by the presence 
of chromosomes 22 and 355. 

Thus according to the scheme adopted the range of variation 
of self-purple flowers would extend from 80 mm, to 50mm. and 
that of mosaic ones from 10 mm. to 30mm, what would approxi- 
mately correspond to the actual sizes found in our experiments. 

The above outlined hypothesis implies that the factor for 
purple colouration is independent of both chromosome pairs 
2:2 — 2-3 and 39:4 — 35. This is confirmed by our crossing ex- 
periments between the mosaic strain in question and Petunia 
grandiflora. We did isolate in subsequent generations of this 
cross a mosaie strain showing dark violet pigment instead of 
a purple one. This new mosaie strain presents a combination of 
mosaicism, of dark violet colouration and of giant corolla sizes. The 
first feature comes from the mosaic strain of Petunia violacea and 
the others from the variety Admiration of Petunia grandiflora. 
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Appendix 


The length of the somatic chromosomes was measured with 
a unit corresponding to 0'25 и. According to the theory of Abbé 
the resolving power of the microscope in our case would be 
за 0:55 

2(1:3) 
a distance of 0:20u are distinguishable according to Abbé. But 
in our work the distance being 1/2 smaller than 0:25 u has also 
been taken into consideration. We must quote. however the recent 
researches of H. Siedentopf (6) who considers that. the resol- 
ving power of the microscope is much greater than the one 
resulting when the theory of Abbé is applied. 


= 02 и. Then two points showing between themselves 


From the Institute of Genetics, Skierniewice, Poland. 
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Explanation of Plates 16—20. 


Plates 16—18. Bivalents at the middle diakinesis of the mosaic -strain of 
Petunia violacea, photographed with the help of a large Zeiss microphoto- 
graphic apparatus. Distention of the camera 180:5 ст. Obj. Zeiss Ap. 120, 
ap. 1:8. Eypiece Zeiss proj. 4. Material fixed іп Flemming's strong solu- 
tion with very small quantity of acetic acid and stained with Iron Haemat 
Figures 1—60 from self-purple flowers, figures 61—105 from small mosaic 
flowers. The bivalents of small mosaic flowers obtained from one mierospo- 
rangium and the same is true for those of the self-purple flowers. In the 
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following lines the dimensions of particular chromosomes are given. For each 
figure in the above plates the sizes of chromosomes are given in the following 
order: 1) the difference between the chromosomes of one pair expressed 
in microns, 2) the length of each of two chromosomes expressed in mm, 


Fig. 1: — 08 — 100 — 88. · Pig 10 9122991 2259201 ኩክ. 
Бір, 3. 03 — 199 — 120, Fig. „4. —,01 — 104 100. 
Fig. 5. — 08 — 120 — 88. Fig. 8. — 05 — 108 + 88. 
Еш ¿Tit 0 120 > „2 Fig... 8.505 + 140. — 12.0, 
Fig. 9.- 08 — 100 — 8:8. Fig. 10. — 01 — 112 — 108. 
Fig. 11. — 05 — 140 — 190. Fig. 12 — 08 — 120 — 88. 
Fig. 13. = 04 — 416 2210022: «ким поп PAG ገታሁ 
Fig. 15, — 02 —'100—— 99. Fig. 16. — 03 — 108 — 9%. 
Fig. 17. — 05 — 108 -- : 88, Fig. ' 18. — 01 — 128 —-194. 
Fig. - 19. — 01 — 104 — 100. ' Fig. 20. — 05 — 108 — 88. 
Fig. 21. — 08 — 140 — 159. Fig. 22. — 01 — 132 — 128. 
Fig. 23. — 08 = 108 — 96. Pie 24. — 08 = 196 104. 
Fig. 95. — 09 — 96 — 88 Fig. 86. — 04 — 116 — 100. 
Fig. 27. — 08 — 140 — 128. Fig. 98. — 02 — 104 — 96. 
Fig. 89. — 03 — 140 — 12:8. Fig. 30. — 00 — 14:0 — 140. 
Fig. 31. — 01 — 12:8 — 124. Fig. 89. — 02 — 99 — 84. 
Fig. 38. — 01 — 104 — 109. Fig. 34 — 09 — 116 — 108. 
Fig. 35. — 08-- 140 — 12:8. Fig. 36. — 01.— 198--,194. 
Fig. 87. — 04 — 104 — 88. Fig. 38. — 09 — 96 — 88. 
Fig. 89. — 07 — 120 — 92. Fig... 40. — 01 — 104 — 10%. 
Гір, 44. — 01 = 104 — 109. Fig. 49, — 01 — 119 — 108. 
Fig. 48. - 09 — 100 — 99. Fig. 44. — 01 — 104 — 100. 
Fig. 45. — 0:3 — 120 — 108. Fig. 46. — 05 — 14-0 — 12:0. 
Fig. 47. — 02 — 96 — 88. Fig. 48. — 01-— 120 99. 
Fig. 49. — 08 — 96 — 88. Fig. 50.— 06 — 140 — 11. 
Fig. 51. — 08 — 13:2 — 12:0 Fig. 59. — 09 — 104 — 9%, 
Fig. 53. — 08 — 140 — 152. Fig, (04, — Ol 96 — „92. 
Fig. 55. — 08 — 140 — 12%. Fig, 56, — 09.— 96 — 88. 
Fig. 57. — 08 — 108 — 96. Fig. 58. — 01 — 190 — 116. 
Fig. 59. — 91 — 119 — 10:8. Fig. 60. — 02 — 96 — 88. 
Fig. 61. — — — 150(160) — 116 Fig. 62. — 09 — 140 — 132. 
Fig. 63. — 02 — 96 — 88. Fig. 64. — 00 — 88 — 88. 
Fig. 65. — 0:2 — 18.6 — 198. Fig. 66. — 09 — 104 — 9%. 
Fig. 67. — 08 — 84 — 79. Fig. 687 — 01 — 10 — 1166. 
Fig. 69. — 01 — 104 — 100. Fig. 70. — 08 — 100 — 88. 
Bigtofdo: Юм гс 885 Кір, 19. — 02 — 9.6 —.. 88. 
Fig. 78. — 09 -- 9:6---0:8:8, Fig. 74. — 09-- 140 — 104. 
Fig. 15. — 08 — 100 — 88. Бір, 276. била В = 88, 
Fig. 77. - 08 — 120 — 88. Fig. 18,--09.--96:-- 898. 
Fig. 79. — 00 — 88 —. 88. Еіс, 80. — 00 — 88-- 88. 
Fig. 81. — 08 — 108 — 96. Fig. 82. — 07 — 132 — 104. 


Fig. 88. — 00 — 88 — 88. Fig. 84. — 05 — 14:0 — 19%. 
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Fig. 85. — 04 — 140 — 194. Fig. 86. — 06 — 120 — 96. 
Fig. 87. — 08 — 136 — 194. Fig. 88. — 00 — 88 — 88. 
Fig. 89. — 02 — 128 — 19%. Fig. 90. — 02 — 96 — 88. 
Fig. 91. 00 — 88— 88: Fig. 99. — 09 — 96 -- 88. 
Fig. 93. — 01 — 190 — 116. Fig. 94. — 04 — 104 — 88. 
Fig. 95. — 02 — 96 — 88. Fig. 96. — 02 — 136 — 128. 
Fig. 97. — 03 — 108 — 9%, Fig. 98. — 03 — 100 — 88. 
Fig. 99. — 00 — 88 — 88. Fig. 100. — 00 — 88 — 88. 
Fig. 101. — 00 — 88 — 88. Fig. 102. — 0-1 — 104 — 109. 
Fig. 103. — 01 — 119 — 108. Fig. 104. — 02 — 96 — 88. 


Fig. 105. — 09 — 116 — 108. 


Plate 19. Anaphase of self-purple flowers photographed with obj. Zeiss 
Ар. 120, ap. 1:32, eyepiece 10 comp. Camera distention 71'8 cm. Fixed in 
Flemming's str. solut. with a very small quantity of acetic acid. Stained 
with Iron Haemat. Fig. 106—109 early normal anaphase. Fig. 110 normal 
late anaphase. Fig. 111 early anaphase with one large chromosome aside. 
Fig. 112 early anaphase with one small chromosome aside. Fig. 113—115 
early anaphase. In each case a pair of chromosomes are aside. Fig. 116 
early anaphase with one pair of chromosomes at the pole. Fig. 117 early 
anaphase with one pair of chromosomes and one solitary chromosome at 
the pole. 

Plate 20. Fig. 118—124 anaphase and fig. 126 metaphase from self-purple 
flower type. Photographed with obj. Ap. 120, ap. 1:32, eyepiece 10 comp. 
Zeiss. Camera distention 71:8 ст. Photographs fig. 125 and 127—130 made 
with obj. Ар. 92, ap. 14 and eyepiece Нота! IV. Camera distention 11:8 cm. 
Phot. of fig. 131 made with a smaller camera distention. Fig. 118—120 
early anaphase showing slight abnormalities. Fig. 121—124 irregular ana- 
phase with chromosomes scattered along the spindle. Fig. 125 granular 
structure seen in bifurcated ends of the somatic chromosome. Fig. 126 meta- 
phase. Chromosomes showing notable differences in their length. Fig. 127 
chromosome pair at an early diakinesis. Fig. 128 chromosome pair at 
a middle diakinesis. The right chromosome with two satellites. Fig. 129 
chromosome pair at a middle diakinesis. Satellite between chromosome 
ends. Fig. 130 chromosome pair at a middle diakinesis. Fig. 131 chromo- 
some pair at a middle diakinesis. 


Ч Ка. 
% 
а 
' 
U 


Badania nad mieszańcami gatunków tetraploidalnych 
pszenicy. — Crossing experiments on tetraploid species 
of wheat. 


Метпоіге 


de М. K. KANIEWSKI, 


présenté dans la séance du 9 novembre 1931, par M. E. Malinowski m. с. 


In this paper 1 draw the attention to some characters of wheat 
which so far have not been described and І try to interpret in 
terms of factors some specific differences concerning tetraploid 
wheats. 

The researches here reported Have been carried out in the 
Institute of Genetics (Skierniewice, Poland) under Professor E. Ma- 
linowski, to whom І am indebted for much valued advice. 


І. Crosses between Triticum polonicum and Tr. dicoecum 
a) The parental forms 


Triticum polonicum is characterized by long glumes (Fig. 1, 
A, 1). The empty glumes are longer than the flowering ones. 
Both empty and flowering glumes of each pair are unequal as 
to their length. Longer empty glume of a given spikelet is ac- 
companied by shorter flowering glume and vice versa at the 
side of the shorter empty glume we find longer flowering 
glume. The middle flower is lower than the top of empty glu- 
mes. In all other species of wheat the empty as well as the flo- 
wering glumes are much shorter than in Tr. polonicum and the 
middle flower of a spikelet grows higher than empty and even 
flowering glumes. | 
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2 3 4 З 

1 EU гожага 4 5 
Fig. 1. Spikelets and glumes from the cross Tr. polonicum X Tr. dicoccum. 
A 1-8 Tr. polonicum: A 1—spikelet; A 2—empty glume (outer half); A 3— 
empty glume (inner half); A 4—6 Тт, dicoccum: A 4—spikelet; A 5—empty 


glume (outer half); A6—empty glume (inner half). В1—8 F,: B1—spikelet; 
В 2—empty glume (outer half); B3—empty glume (inner half). C1—5 »ро- 


Crossing experiments оп wheat 233 


lonicum« type of F,: C 1—spikelet; C2—empty glume (outer part); C3—em- 

pty glume (inner half); С 4,5—two empty glumes of one spikelet. 1) 1—5 

»dicoccum« type of К,: D 1—spikelet; D 2-—empty glume (outer half); D3— 
empty glume (inner half); D 4, 5—two empty glumes of one spikelet. 


Triticum роотсит, used in this cross, may be described as 
follows. The ears are relatively long, bearded. Their awns were 
of a grey colour, but some were dark or even black. Glumes 
lanceolate (Fig. 1, А, 2). Ribs are very distinct, even conspicu- 
ous. Tooth is straigth. Colour of the glumes is grey, often with 
bluish tint. Spikelets are broad (Fig. 1, A, 1). 


d 


Fig. 2. Transverse section of empty glume of Tr. polonicum: a - b height of 
the keel; a—d width of empty glume (outer half); a—f width of empty glume 
i (inner half). 
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Fig. 2 shows the cross section of an empty glume, At ር and e 
ате ribs. From а to 0 there is the cross section of the keel. The 
outer part of the keel (2,) contains a vascular bundle, the inner 
one (г) is made up of parenchyma. The ribs as well as the 
keel are covered by scabrid hairs (fig, 3—1, 2 and fig. 4—1, 2), 
which are larger in the upper part of empty glumes. The last 
rib of the glume (the most distant from the keel) is the lar- 
gest, À corresponding rib may be found. also in Ти. durum and 
Tr. dicoccum, though other ribs may be absent in those species. 


1 2 B3 qu 3 6 E 


Fig. 3. Scabrid hairs on the upper part of empty glumes: 1, 2 — Tr. poloni- 

cum; 3,4 —dicoccum; 5, 6—polonicoid; 7, 8— Tr. durum. Odd numbers refer to 

the scabrid hairs on the keel and even numbers — to those of the 
main rib. 


It is why the comparison we make is only for those scabrid 
hairs being on the above said rib. Empty and flowering glumes 
may be easily detached without any damage from the spikelet. 
They are fragil Rachis of the 19088 Tr. polonicum is tough. Its 
grain is long and white. 

Triticum dicoccum used in our crosses has compact square- 
headlike ears. Empty glumes are much shorter than іп 77. po- 
lonicum (Fig. 1, A, 4, 5). Flowering glumes are longer than 
empty ones. Middle flowers of the spikelets grows higher than 
empty glumes and generally also higher than flowering ones. 


Crossing experiments on wheat 235 


Both empty glumes of a spikelet have an equal length and it is 
the same for flowering glumes. The spikelets are narrow, the 
empty and flowering glumes are laying close together. Ears 
compressed, narrower across the face than the 2-rowed profil, 
they are of a white colour, beardless or with short awns con- 
fined to flowering glumes. Empty glumes are short, broad and 
thick (Fig. 1, A, 5). Apical teeth are small. On the cross section 
of empty glumes there is only one salient rib (Fig. 6,1). Empty 
glumes are elastic and pubescent. The glumes cannot be deta- 
ched undamaged from the spikelet. The keels are thick and 
shorter than in 77. polonicum (Fig. 6, 1). Scabrid hairs appear 
ouly in the upper part of glumes on their keel and ribs (Fig. 
3—3, 4). Rachis is fragil, grain is reddish. 


\ 


7 
4 2, F3 - 


Fig. 4. Scabrid hairs on the middle part ої empty glumes: 1,2 - Tr. poloni- 
cum; 3, 4-—Tr. durum. Odd numbers refer to the scabrid hairs on the keel 
whilst even numbers — to those of the main rib. 


b) The Е, generation 


The F, plants were intermediate as to the principal charac- 
ters. Tables I, П, ІП, IV, and V contain data as to some cha- 
racters of the F, plants. Ears are beardless or slightly bearded 
(Fig. 1, B, 1). The middle flowers are at the same height as 
empty and flowering glumes. Spikelets are narrow and pubes- 
cent; apical teeth are intermediate. The thickness of the glume 
is intermediate (Fig. 6, 2, The keels are prominent, higher and 
thicker than in Tr. polonicum (Fig. 6, 2). Scabrid hairs are on 
the keels and ribs. 
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TAB 
Length of 
sl lel عا‎ eieiei hol del. kel hol el Je 
ao 15 |е је SES AR | | + | 5 | 5 | о о 19 193 le le ч 
Tr. polonicum 
Tr. dicoccum 1| 1| 617| 4 
Е, | |1 
»polonicum« of 1 119 3| 4 3 
А : 
intermediate | і ў E 
type of F, 4| 2| 6|10121115126|14137116|811168፲|18124| 8| 4| 9| 6 
dicoccume of | , gl 4| 51611991915 7| з 
2 
тт 
ТАВ 
Density 
17118/19/20/21|22/23/24/|25|26|27/28/|29]30|31|32|33|34|35|36|37|38|39 
——— ——————————————————————————————————————————————————————Pe 
Tr. polonicum 1|3|1|2|7|7/6| 4| 7| 9 2 
Tr. dicoccum 
Е, 1 1 


»polonicum« of F, 1 21512121 4/11) 8| 5| 6| 4| 7 6) 4| 3| 2 3] 43|2/1 


intermediate type | 1 1|915151121598/98/99/31/98/16|16118151811419|9|5 


of F 
»dieoecum« of Е, 1| 3| 9| 1| 4111] 9| 5101014 7| 6/6|2]5 
TAB 
Length 
MS [aco [ае јао јао | AD јао јао | мо јао | мој ር | 10 |)! | | & | 1d 
яз 
Тт. polonicum 2 1 
Tr. dicoccum 4| 5/11) 4) 4] 1. 
F, 
»polonieum« Е, 1 1111231784 
intermediate type of Е, 1111412|2| 5| 5| 8| 8116 |17 [12 [14 15 [21 | 
»dicoccum« of Е, 1 1| 4| 5| 3| 5| 4|5| 6/10] 9| 9110011|8|9 
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РЕТ 


glumes in mm. 


42 
29 


1 27:78 


3 


1 1| 1| 2 3| 335 2| 4| 3| 7 


9:38 


86 


23:97 
16:78 | 302 


1| 8| 113] 3| 6] 810 3] 2 


121 ët) ара 


1 


10:94 | 118 


LE П. 


of ears. 


42 
29 


22-28 
58:34 


2|2|2|1 


Ае же ا‎ 


11112|11412|4|2|5 


86 


2880 


802 


30:18 


1422112 
381212121111 


115 


33:45 


1 


LE III. 


of ears. 


1 | 80:32 | 42 


са 


4| 5| 2| 8] 4] 2] 3 


40:64 | 29 


1 | 75:28 | 86 


5 


91 3] 8 
17 |23|14 |16|26|11 |17| 9| 3/10/10) 4] 6| 3] 2 


3| 4| 5] 5] 5 


71:54 | 302 


59°83 | 115 


፲1 21 Ера 


16% 
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c) The F, generation 


As in many crosses in which 77. polonicum was one of the 
parental forms, so in this one three relatively distinct types 
appeared in the F, generation namely: polonicum, intermediate 
and dicoccum in the proportion of 1:2:1. Our classification into 
three classes has been based on the length of the glumes com- 
pared with the one of middle flowers. In such a case we did 
act as Liepin did. We classed as »polonicum« such plants in 
which the middle flower in spikelets was lower than the top of 
empty glumes and we regarded as »dicoccum« such plants in 
which the empty as well as the flowering glumes were much 
shorter and the middle flowers were growing higher than empty 
glumes. We shall designate the first type by the letters PP and 
the second one by the letters pp. In the intermediate class of 
Е, plants (Pp) empty glumes have been on the same level as 
the middle flowers. Im our case the actual numbers were as 
follows: 120 individuals of the polonicum type, 324 intermediate 
plants and 145 individuals of the dicoccum type. 

Let us consider particular characters of the F, plants. 

The frequency polygone concerning the glume length is tri- 
modal in the Е, generation. The glumes corresponding to 77. 
polonicum were shorter than in the parental polonicum and the 
glumes corresponding to Ту. dicoccum were longer than in the 
parental dicoccum (Table I). Analogous results were obtained 
previously by many writers in cases when 7%. polonicum was 
used for crossing experiments with other tetraploid species. 

The ear density of the Е, generation is shown in Table IL We 
see in this Table that the polonicum type in F, has surpassed 
the density of the parental polonicum but it did not reach the 
degree of density of the parental dicoccum. As to the dicoccum 
type in F, we see that its density is smaller than in the paren- 
tal dicoccum. · i 

The average length of ears of the polonicum type has dimi- 
nished in Е, as compared to the parental polonicum and the 
average length of ears of the dicoccum type has increased 
(Table ІП). 

The data concerning the number of spikelets of particular 
ear types in F, are shown in Table IV. Taking into considera- 


rcin.org.pl 


Crossing experiments on wheat 239 


TABLE ТУ. 


The number of spikelets in ears 


15 16 | 17 | 15 | 9 |20 |21 [22 23 я 26| М | 
Tr. polonieum ова я к я јаз 81 1112 18:31 | 42 
Tr. dicoccum 9911641731 Fi 28:87 | 29 


Е, 1 1 


»polonicum« of F, | 2 | 3| 1 | 1] 5|17|15|14|18|11| 5| 1 | 2143] 86 
»dicoccum« of Е, 5 | 8 114118(|16120112| 9] 9| 4 20:32 | 115 


tion the average values given in Tables 1 and Il we see that 
in F, in the limits of the роїонісит type the density of ears 
has increased and the length of glumes has decreased whilst wit- 
hin the dicoccum type the density of ears has decreased and the 
length of glumes has increased. The correlation coefficient bet- 
ween the glume-length and ear-density (Table VI) is rather low 
(— 0,33). 

When we compare the parental types with the corresponding 
F, types we see that the shift observed in F, and concerning 
the ear density is greater than the shift of the glume length 
We possibly may explain this in assumming that: 

1) a certain essential glume length is determined by the fac- 
tor linked with the type of the ear and the modifications brougth 
about by additional factors of glume length are comparatively 
small, 

2) the ear density is determined only by cummulative factors 
independent of the type of the ear. 
` The glumes of the type рр may be shorter or longer but they 
are always short as compared to those of the PP individuals, 
whilst as concerns the density of the ear such correlation does 
not exist. In the pp as well as in the PP types the ears may 
be either loose or compact. 

The spikelets of the parental dicoccum type were narrow. In F, 
in the limits of the dicoccum type individuals appeared with broad 
spikelets (Fig. 1, D, 1). The glumes of the dicoccum type in F, 
exhibited also some modifications when compared to the.parental 
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TABLE V. 


The hight of keels (measurements were made with mm.; measured images were enlarged 34 times) 


516|7|8|9|10111112118/14/15/16/17/18/19/20/21/22/23/24/25/26/27/28/29/30/31/32/33/34/35/36] М | N 


Tr. polonicum 21419 1101215 [2 1726| 42 

Tr. dicoccum 1/2/5/9/7/3|2 1494 | 99 re 
p 1|1 D) 
»polonicum« ої F, — |1|3|2(11514| 6 | 8 (тощо 9 47 4 1 13:47 | 86 9 
»dicoccum« of Е, 1 11 213141316 1119 109 14 9197 912 |21411 1| 25:13 | 118 Е 


A A AA ЗОО. П ДЗИ ССИ. ДИ ድ ات‎ O 


Crossing experiments on wheat 241 


dicoccum. The thickness of glumes decreased in many individuals 
(Fig. (—1, 4). Plants with fragil glumes appeared, some of them 
being exceptionally hard. Among the pliable glumes some were 
very soft. Some plauts have narrower glumes (Fig. 1, D, 2, 3). 
Apart the glumes with a curved keel others appeared with a more 
straightened one (Fig. 1, D, 4, 5). I noticed that the height of 
the keel had increased in the majority of cases (Table У). In many 


TABLE VI. 


Correlation between ear density and glume length in F, 
ear density 


> a т = m > D 
Qus ранили VI 
= ቋ я А 5 A > 
28:0— 32:9. 2 D 9 2 
280 -:2፻9 5 23 20 10 1 1 
18:0--22:9 2 28 51 94 13 3 
18:0—17'9 8 49 18 56 12 5 
80-19% 6 32 47 24 8 1 


TABLE VII. 


Correlation between ear density and glume length in the parental varieties 
ear density 


е | е | е | е | е |е |ፍ |= |> | е 

тя со ті © — со m eo т со 

glume e a ў Т < = | с 5 eo 1 
| i | | 

lenght - e = са - сл - 21 ፦ ጩ 

- ба са = со чн + e) 1D ሂጋ 


880 - 879 


bo 


28:0 — 32:9 


со 
— 
к 


980-979 4 15 


180-229 
13:0 - 17:9 


n2 


850-199 


сл 


10 | 14 
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plants scabrid hairs appeared on the keel and on the whole sur- 
face of empty glumes. One could observe keels which were mo- 
re narrow than those of the parental variety aud also some 


which were thicker than іп the parental dicoccum (Fig. 1—4, 


Fig. 5. Empty and flowering glumes detached from the spikelets. Upper 
row — Tr. polonicum; lower row — Tr. durum. 


1, 3). The tooth characteristic of the dicoccum type appeared 
rather rare; in the majority of cases the plants had teeth of the 
parental polonicum. Individuals with bearded ears appeared in F, 
(sometimes awns were black). І observed also plants with 
tough rachis. As to the polonicum type of F, we may say that 
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in the majority of cases the plants differed in many characters 
from the parental polonicwm. I shall enumerate some of those 
differences. The tooth of the dicoccum type was more frequently 
met with than that of the polonicum type. Empty glumes often 
had curved keel (Fig. 1, ©, 4, 5) what has not been observed 
in parental polonicum type. The width of glumes was often in- 
creased (Fig. 1, C, 2, 8). Individuals appeared with glumes thic- 
ker than in the parental variety (Fig. 7, 2). The heigth of the 
keel had often decreased (Table V). Apart thin keels there appe- 


Fig. 6. Transverse section of empty glumes: 1—Tr. dicoccum; 2—F,; 3— Tr. 
polonicum. 


ared also thick ones (Fig. 7, 2). Scabrid hairs often did not appear 
at all. A great deal of plants had pliable glumes, such pliantness 
being a character antagonistic to the characteristic fragility of 
the parental polonicum. Individuals with a fragile rachis appeared. 
Beardless plants were also observed. 
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П. Crosses between a polonicum-like form and Tr. durum 
a) The parental forms 


For this cross a polonicum type was used which probably 
derived from the crossing of a typical Tr. polonicum with Tr. 


Fig. 7. Transverse sections of empty glumes observed in F, of the cross 

Tr. polonicum X Tr. dicoccum. 1, 8, 4— glumes of the dicoccum type: 1—glume 

ppddEEGG, 3 — glume ppDDEEGG, 4—glume ppddee GG (?), 2—glume of the 
»polonicum« type (PPDDeegg). 


dicoccum. This type was obtained be опг Institute from the late 
Professor K. Miezyüski several years ago. In our crosses betwe- 
en Tr. polonicum and Tr. dicoccum we got a similar type (Fig. 
1, С 1—5). 

The parental form resembling Tr. polonicum and used in the 
actual cross may be characterized as follows: 
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1) Ears compact, squarehead-like. 

2) Rachis fragile, while in 77. polonicum it has been tough. 

3) Spikelets narrow (Fig. 8, A 1). 

4) Empty glumes are long (average lengths for three years 
were: 20.31, 18.98, 18.83) but shorter than those of Ту. ро- 
lonicum. 

5) Glume width is greater (Fig. 8, A 2, 3) than in 77. polo- 
nicum. Glume thickness is also greater (Fig. 9, 2). 

6) The keel of empty glumes is more curved (Fig. 8, A 2) 
whilst in Tr. polonicum it is more straight and the glumes 
have been lanceolate. 

7) Ribs are not so salient (Fig. 9, 2) as in Tr. polonicum. 

8) The keel is not so high but is thicker (Fig. 9, 2) than 
in Tr. polonicum. It is very similar to that of Tr. dicoccum but 
it is smaller. 

9) Typical scabrid hairs did not occur but some imperfect 
hairs were seen at the top of empty glumes (Fig. 3, 5, 6). 

10) Empty and flowering glumes could not be detached un- 
damaged from the spikelets. 

11) The tooth of empty glumes is curved. Such a curved tooth 
is characteristic of certain varieties of Tr. dicoccum (Fig. 8, A РГ 

12) Grain is long like in Tr. polonicum. 

13) Empty glumes are pubescent. 

As concerns 77. durum the following characters have been 
noticed: 

1) Ear long and loose, bearded. Awns black. 

2) Spikelets broad (Fig. 8, A 4). 

3) Empty glumes are more straightened (Fig. 8, А 5), are yel- 
low or bluish-grey. 

4) The width of the glumes is smaller (Fig. 8, A 5, 6) than 
in Tr. dicoccum. 

5) The tooth is straight like in Tr, polonicum. 

6) The ribs are more salient than in 77. dicoccum (Fig. 9, 1). 

7) The keel differs from that of Tr. dicoccum (Fig. 9, 1). It 
resembles the keel of 77. polonicum but is higher and thicker. 
The width of the keel is usually the: same in 77. durum and 
in Ту. dicoccum though sometimes the keel of Tr. dicoccum is 
wider. 
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Гір. 8. ር ን and glumes from the cross Tr. aan. X Tr. durum. 
А 1—3 polonicoid: A 1—spikelet; A 2—empty glume (outer part); А 3—empty 
glume (inner part). A4—6 Tr. durum: А 4 —spikelet; А 5 —empty glume (ou- 
ter half); A 6 - empty glume (inner half) В 1—8 the Е, generation: В 1— spi- 
kelet; B2—empty glume (outer half): B3—empty glume (inner half). С1-5 
»polonicum« type of F,: C 1—spikelet; С 2—empty glume (outer half; С 3— 
empty glume (inner half); 4, 5—two empty glumes from one spikelet. Ъ1 5 
»durum« type of F,: D 1- spikelet D2—empty glume (outer half); D 3—empty 
glume (inner "half); D 4, 5—two empty glumes from one spikelet. 
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8) Scabrid hairs appear on the keel and on the thickest ribb 
(Fig. 3—7, 8 and Fig. 4—8, 4). In other places of empty glumes 
those hairs are less developped. 


Fig. 9. Transverse sections of empty glumes of Tr. durum (1), of Tr. polo- 
nicoides (2) and of F, (3). 


9) Empty glumes of Tr. durum are thinner than those of Tr. 
dicoccum (Fig. 9, 1). 

10) Empty and flowering glumes may be easily detached un- 
damaged from the spikelet (Fig. 4) what does not happen in the 
case оҒ Tr. dicoccum. 

11) Rachis is tough, 

12) Grain is similar to that of Tr. dicoccum. 


5) The Ғ, generation 


The spikelets of F, plants were narrow (Fig. 8, В 1), the glu- 
mes were intermediate as to their length, their thickness beiing 
also intermediate (Fig. 9, 3). The apical tooth is intermediate. 
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The keel is lower than іп the parental durum (Fig. 9, 8) and 
broader than in Tr. polonicum but narrower than in Ту. durum. 
Scabrid hairs occur on the keel and on the main rib. 


c) The 7; generation 


In the Й, generation three types were distinguishable na- 
mely: »durum«, intermediate and »polonicum«. The division into 


Fig. 10. Transverse sections of empty glumes observed in F, of the cross 

polonicoid X Tr. durum. 1—3—glumes ofthe »durum« type; 1 glumeppDD 

eegg, 2— glume ppddeeGG (?),3—glume ppDDEEGG, 4—glume of the »poloni- 
cume буре PPddEEGG. 


those three types was based upon the same characters as the 
ones taken into consideration in the first cross. The propor- 
tion 1:2:1 between the three types in question was observed. 
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I shall describe some characters observed in the F, generation 
within the limits of »durum« as well as »polonicum« type. 

In the limits of »durum« type individuals with narrow spike- 
lets appeared (Fig. 8, D 1); individuals were observed with empty 
glumes broader than those in parental durum (Fig. 8, D 2); indi- 
viduals appeared with keels more curved (Fig. 8, D 4, 5). In 
many cases the width of empty glumes had increased. One could 
often see that the thickness of empty glumes has increased and 
that it was equal to the one of the parental dicoccum (Fig. 10 — 
1, 3). Individuals appeared with keels broader and other with 
keels thinner (Fig. 10 — 3, 2) than in the parental durum. In the 
majority of cases the height of keel has diminished. Some plants 
possessed fragile rachis. 

In the limits of the »polonicum« type individuals appeared 
with broad spikelets (Fig. 8, С 1). The width of empty glumes 
often was becoming smaller and their keel in many cases was 
straightened (Fig. 8— O 2, 4, 5). The consequence of it was that the 
empty glumes in some plants became lanceolate. I noticed glumes as 
thick as those of Tr. polonicum (Fig. 10, 4). Many plants exhi- 
bited a keel higher than in the parental type (Fig. 10, 4). Many 
individuals were observed with fragile glumes. Scabrid hairs 
appeared on the keel and on the ribs of many plants Some in- 
dividuals were also obtained with tough rachis. 


ПІ. Discussion 

From the data given above it is seen that both PP. and pp 
types are complex ones. We do not know whether the charac- 
ters composing those types are determined in each case by one 
or by many genetical factors. If there is one factor its effect 
would be manifold. If many factors are involved then such fac- 
tors are linked. 

The type PP included in Tr. polonicum may be characterized 
as follows: 

1) The middle flower in the spikelet is lower than the tops 
of empty glumes. 

2) The empty glumes in a spikelet are unequal as to their 
length and the same is for the flowering glumes. 

3) Both empty and flowering glumes are long. 

4) The back line of empty glumes is relatively straight. 
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5) The keel is low (we may assume that in this case the keel 
is absent and that we have to deal only with the central nerve). 
6) Empty glumes are thinner than in the case of pp type. 

T) Glumes are narrow. 

The type pp included in Tr. durum and in Tr. dicoccum may 
be described as follows: 

1) The middle flower in a spikelet grows higher than empty 
glumes do. 

2) The empty glumes in a spikelet are Gg as to their 
lenght. 

3) Both empty and flowering glumes are relatively short. 

4) The back line of empty glumes is curved. 

5) The keel is higher than in РР type because the glume is 
thicker. 

6) Glumes are thicker than in the case of PP type. 

7) Glumes are narrow, but a little broader than in PP. 

The above two complexes of characters making up what we 
have called types PP and pp may be accompanied by various 
other characters. According to the characters involved we have 
to deal with different forms and among those various forms ap- 
pearing in 7, of our crosses four principal types were clearly 
distinguishable. Such types correspond to four species of wheat 
namely: Tr. polonicum, Tr. dicoccum, Tr. durum and a new form 
which I propose to call »polonicoid« and which differs from 77. 
polonicum in the same characters in which Ту. dicoccum : differs 
from Tr. durum. In the Е, generation of the crosses Tr. polo- 
nicum X Ту. dicoccum we observe Tr. durum and polonicoids 
and in the crosses Ту. durum X роютсоа we distinguish Tr. 
polonicum and Tr. dicoccum. 

We may assume that besides PP and pp the following fac- 
tors were involved in our crosses: 


A — factor or a group of factors elongating the essential 
glume length. This factor mae the glumes more in PP than 
in pp type. 

a — absence of this factor or factors. 

B — factor or factors widening the essential width of glumes. 

b — absence of B. | 


С — factor or factors straightening the back line of empty 
glumes. 
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c — in the case of absence of such factor or factors the back 
line of empty glumes is curved. 
D — factor or factors increasing the essential glume thickness. 


This factor increases more the thickness in the case of pp type. 

d — absence of D. 

E — factor or ም determining the fragility of glumes as 
contrasted to elasticity. Fragile glumes can be easily detached 
undamaged from the spikelet. The outer half of such glumes 
has its edge folded inwards. Such folding occur in the upper 
part of the glume (Fig. 11, 2 and 4). Ribs and scabrid hairs 
are larger than in the case of absence ої Е. 


Fig. 11. Cross sections made in the upper part of empty glumes in order 
to show their folded edges: 1- polonicoid; 2—durum; 3—dicoccum; 4—polo- 
nicum. 


e — glumes are elastic. They cannot be easily detached unda- 
maged from the spikelet. The edge of the outer half of empty 
glume is not folded (Fig. 11, 1 and 3). Ribbs and scabrid hairs 
are smaller than in the case of presence of Е. 

F — In the case of presence of such factor or factors the 
apical tooth of empty glumes is: curved. 


Bulletin ПІ В. 1. 1931. 17 


252 K. Kaniewski: 


7 — apical tooth is straight and acute. 
G — factor or factors increasing the height of the keel. 
ፀ — absence of G (in such case we may have to deal either 
with a keel of dicoccum ог with that of polonicoid). | 
Н — empty glumes are pubescent. Empty glumes pubescent 
and fragile were not observed. 
. À — absence of И. 


7 — ears are narrow. 
$ — absence of 1. 
- К — ears are loose. 
k — ears are dense. 
L — ears are squarehead-like. 
1 — absence of Z. 
M — ears are beardless. 
m — ears are bearded. 


N — Rachis is fragile. This character seems to be linked to 
the elastic glumes. 

m — rachis is tough. This | беле seems to be linked to 
the fragile glumes. 

The genetical constitution of the four types mentioned above 
would be as follows: 

Tr. polonicum L. — PPAAbbCCddEEffGGhhiiK Kllmmnn, 

Tr. dicoccum Schübl.— ppaaBBccDDeeF'Fgg HHIIkkLLMMNN, 

_ Tr. durum Dest. — ppAAbbCCddEEffG Ghhii K Klimmnn, 
polonicoid form — PPaaBBccDDeeFFggHHIIkkLLMMNN. 

Tr. turgidum contains probably pp factors differing from cor- 
responding factors of dicoccum and durum. We may call them 
psp, It is possible that some forms classed by botanists as di- 
coccum contain the factors p,p, instead of pp. 

The factors PP and pp do not seem to influence the shapes 
of the keel. The essential morphological elements of the keel are 
the thickness and the height. The thickness of the keel corres- 
ponds to the thickness of the glume (Watkins, 5). It is associa- 
ted to a certain extent to the fragility of the glumes. In com- 
paring two glumes of equal thickness we always find that the 
keel of a fragile glume is thicker than that of an elastic one. 
The keel of one and the same type is higher on the “ነነ glu- 
mes than on the thin ones. 
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The keels of dicoccum amd polonicoides are very much simi- 
lar, the former being thicker because the glumes are thicker in 
dicoccum. 

Strictly speaking neither dicoccum nor polonicoid have any 
keel. The keels occur only in durum and polonicum types. 

On the other hand the keels of durum and polonicum are 
resembling very much to each other. Тһе same factor G deter- 
mines the keel of polonicum and of durum. But the factor G 
transferred to dicoccum produces longer keel because the thick- 
ness of glumes of dicoccum is greater (Fig. 7, 3 and Fig. 10, 3). 

The keel of durum type after being transferred to polonico- 
ides becomes similar to that of polonicum and the only diffe- 
rence I noticed is that such a keel is a little higher than the 
one of the parental polonicum (probably because empty glumes of 
the polonicoid form are thicker than those of Tr. polonicum). 

In the crosses between the polonicoid form and Tr. vulgare 
(Malinowski, 4) such types as Tr. dicoccum and Tr. Spelta appear 
in 7,. Such types do not occur in the crosses between Tr. polo- 
nicum and Tr. vulgare. We know that Tr. Spelta and Ту. dicoc- 
cum appear in the crosses between 77. dicoccum and Tr. vulgare 
but they do not occur in the crosses between 77. durum and Tr. 
vulgare. It follows from those data that polonicoid form and Ту. 
dicoccum have in common some characters and that such cha- 
racters are lacking in Tr. polonicum and in Tr. durum. 


From the Institute of Genetics, Skierniewice, Poland. 
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